Supplemental Figures and Legends
. Schematic diagram of vaccine formulations. LC/GPC3+ was generated by incubation of lymphocytes, GPC3 protein and sulfo-SMCC while LC/GPC3 was produced by incubation of lymphocytes with GPC3 protein. LC was served as vehicle control by incubating cells with sulfo-SMCC. and GPC3-negatvie 1MEA cells were incubated with anti-GPC3-negative andpositive mouse sera in 96-well plate. Three days later, cell growth rate was measured by the CCK-8 kit and normalized to the treatment with GPC3-negative sera (n = 3). (C) GPC3-specific antibody response at different time points. GPC3-specific antibody response was examined by ELISA after secondary and third immunization. Sera was diluted at 1:2000 (n = 10). 
Supplemental Methods
Expression and purification of murine GPC3 GPC3 protein consists of 580 amino acids and is cleaved by furin between Arg358 and Ser359, resulting in a ~40 kDa N-terminal subunit and a ~30 kDa C-terminal subunit 1 . Currently, all reported antibodies against GPC3 that exhibit restriction and therapeutic function are targeting the C-terminal of GPC3 [2] [3] [4] . In addition, most of identified peptide-specific CTL epitopes are located at the C-terminal of GPC3 5, 6 . In this study, we constructed a prokaryotic plasmid expressing the C-terminal of murine GPC3. The nucleotide fragment was amplified from MGC mouse GPC3 cDNA (Clone ID: 4973409, GE Healthcare Life Sciences) by PCR with primers (C/GPC3/EcoRI: CGGAATTCGCTTATTACCCTGAAGATC and C/GPC3/XhoI: CCGCTCGAGCGGCATGTTCCCCACGCTGTGAGAG) (Underline inidcates restriction endonuclease sites) and was inserted into pET28a vector (Novagen) by EcoRI and XhoI, resulting in the expression plasmid pET28a/GPC3. The protein was expressed in BL21 (DE3) Escherichia coli in the presence of 0.8 mM IPTG and purified using His60 Ni Resin (TaKaRa) per the instruction. The final protein was eluted and the buffer was exchanged with PBS (pH7.4) 7 . The protein was identified by Coomassie blue staining and western blot assay. The predicted molecular weight of the expressed protein is 27.5 kDa ( Figure S3 ). The endotoxin concentration in purified protein is 10.4 EU/mg and 5.2 EU/ml (Chromogenic Endotoxin Quantitation Kit, Pierce) as the stock concentration of protein is 0.5 mg/ml. The endotoxin concentration in GPC3-coupled vaccine formulations is 0.037 EU/ml for LC/GPC3 and 0.039 EU/ml for LC/GPC3+, which is much lower than the dose limit for preclinical research 8 .
Construction of recombinant lentivirus expressing murine GPC3 and establishment of stable cell line 1MEA

GPC3 expressing GPC3
The coding sequence of murine GPC3 was amplified from MGC mouse GPC3 cDNA by PCR with primers (GPC3/KpnI: GGGGTACCGCCACCATGGCCGGGACCGTGCGCAC and GPC3/BamHI: CGCGGATCCTCAGTGCACCAGGAAAAAAAAGCAC) (Underline inidcates restriction endonuclease sites), flanked by restriction endonucleases KpnI and BamHI as well as Kozak sequence. The PCR fragment was inserted into lentiviral vector pLenti-III-HA (LV022, ABM Inc.) with KpnI and BamHI, resulting in the recombinant plasmid pLenti-GPC3. 293T cells were co-transfected with plasmid pLenti-GPC3 and Packaging Mix (LV003, ABM Inc.) at a ratio of 1:1 by Lipofectamine® 2000 (Life Technologies) 9 . Recombinant lentivirus expressing GPC3 was collected as supernatant after 72 h and was used to transduce 1MEA cell to generate stable cell line expressing GPC3. The stable cell line 1MEA GPC3 expressing GPC3 was selected using 5 μg/ml puromycin (Thermo Fisher).
Western blotting
The cells were lysed with RIPA buffer (Sigma) containing cOmplete TM Protease Inhibitor Cocktail (Roche). The protein concentration of cell lysates was determined with bicinchoninic acid protein assay kit (Pierce). Equal protein amounts were separated using 12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred onto a nitrocellulose membrane. The membrane was blocked with 5% non-fat milk and incubated with anti-GPC3 antibody (ab186872, Abcam). The signal was detected by HRP-conjugated goatanti-rabbit secondary antibody and enhanced chemiluminescence staining (Thermo Fisher). Expression of β-actin was detected with an anti-β-actin mAb (Sigma) as internal reference.
